Tomato is one of the most important vegetables cultivated in Mexico. Nitrogen-based fertilizers have greatly contributed to the increase in tomato production; however, the excessive application of this fertilizer may affect yield and fruit quality. A greenhouse experiment was conducted to evaluate the effect of increasing in rates of nitrogen from deficiency to toxic levels. Five N-treatments (0, 15, 30, 45 and 60 mM of N) were applied in two tomato varieties, Caballero and Victoria The optimum N doses for leaf growth in both varieties was 30 mM reaching 13.0 and 13.5 cm in Caballero and Victoria respectively. At low toxic levels leaf growth was recovered more easily in Caballero than Victoria. Nitrate concentration for the low toxicity treatment was greater in leaf and stems for Caballero than Victoria; conversely nitrate in fruits was higher in Victoria. Final yield per plant was not statistically different between varieties except at the low toxic treatment where Caballero had a yield of 780 g per plant compared to that of 330 g per plant of Victoria. Tomato quality was also affected by the applied N-doses, where treatment 30 mM reached the maximum fruit firmness in both varieties while high toxic N-levels decreased significantly this parameter. Soluble solids and titratable acidity increased with increased N-Doses. Caballero variety seems to be more tolerant than Victoria at low levels of N-toxicity.
Introduction
Tomato is considered one of the most widely grown vegetables in the world [1] . In Mexico, this crop is among the top four commercial vegetables, yielding 2.39 million tons per year [2] . Nitrogen-based fertilizers have contributed to the increased success in tomato production. Conversely, the excessive application of N fertilizers may be affecting production and fruit quality. For traditional field production of tomato, it is estimated that the optimal N fertilizer dose ranges from 110 to 150 kg•ha −1 [3] . However, the dosing with nitrogen fertilizers has increased considerably in recent years [4] . Some studies have found that N applications frequently are above 200 kg•ha −1 , significantly affecting the yield of tomato [5] . In commercial greenhouses, the use of N-based fertilizers for tomato often exceeds crop requirements, in some cases, applying more than double the optimal dose of N [6] . Other studies have found that the growth of tomato plants, in greenhouses, decreases significantly when N amount reached 50 mM, doses considered toxic for cell extension and reproduction [7] . It has also been observed that the doses in excess of nitrogen fertilization can have important effects not only on performance of the crop but on the quality of the fruit In previous studies N fertilization had significant effect on primary and secondary metabolism of tomato [7] . Increasing N application increased the concentrations of some volatile compounds, titratable acidity, soluble sugars, and soluble solids, however, decreased the firmness of fresh tomato fruits [8] . The quality of tomato determines the characteristic taste and flavor of the fruit, in general, optimal application of N improves the flavor and firmness, while excess nitrogen can damage the fruit [9] . Other studies showed that high doses of nitrogen may have a significant negative effect on product quality as taste and acidity [10] and also can directly affect fruit size as is the case of some vegetables as cabbage where applications of 400 kg N ha −1 reduced fruit size by 35% [11] . In contrary, other authors, [12] and [13] found no effect of increasing N on the growth and firmness of tomato fruits. So it is not clear if a gradual increase in the dose of N can affect plant growth and fruit quality. The aim of this study was to evaluate the increase in rates of nitrogen from low levels of deficiency to high levels of toxicity and how they affect the growth and fruit quality of two varieties of tomato.
Materials and Methods

Site
This research was conducted at The University of Chihuahua Campus Cuauhtémoc, located in the northwestern part of the State of Chihuahua between parallel 28˚24'25" latitude north and the meridian 106˚51'8".
Germination and Transplantation
The germination of tomato seeds (Lycopersicum sculentum L.), Victoria and Caballero varieties, was conducted in plastic cones, 10 cm in length filled with a peat moss substrate. The seeds germinated at room temperature (25˚C -30˚C) for 30 days, then were transplanted to the greenhouse, where they grew under controlled environmental conditions with a relative humidity of 60% -80%, temperature 27˚C -18˚C, average day and night temperatures, respectively. The photoperiod was 13/11 h (day/night) and light intensity of 350 mmol•m −2
•s −1 . The plants were transplanted into hard-plastic pots with a volume of 10 liters. These pots were filled with a sandy loam soil. Plants were thinned out to one plant per pot.
Irrigation
Plants were watered three times a week by replacing the volume of water lost by evapotranspiration. The volume of water lost was determined by the average weight loss of two pots at the end of each week.
Treatments
Treatments were prepared at different concentrations of nitrogen making a nutrient solution for each one of the five doses (0, 15, 30, 45, and 60 mM) using NH 4 NO 3 as a N source. Classification of treatments is shown in Table 1 .
Treatments of N were prepared and applied every 15 days according to the method used by [14] for greenhouse tomato. Nitrogen was the only variable nutrient. Phosphorus, potassium and calcium were applied equally to all treatments at the beginning of the experiment and at the stage of rapid growth (30 DAP), at concentrations of 10 mM of KH 2 PO 4 and 7 mM Ca (CaCl 2 ). 
Growth and Leaf Extension
To carry out the measurement of this parameter, a metric ruler was used. Measurements were taken every six days, from one leaf per plant, from the base of the petiole to the most extended part. The leaves were marked with a thread for tracking.
Quantification of Nitrates
The NO 3 analysis followed the method of [15] . A 100 µl of the aqueous extract was added to 0.4 mL of a solution at 10% (p/v) of salicylic acid in 96% sulfuric acid, and 9.5 mL of 2 N NaOH. The concentration of NO 3 was quantified by colorimetric measurements at a wavelength of 410 nm against a standard NO 3 curve of KNO 3 (50 -500 mg/mL).
Harvest
Mature fruits were harvested the 1 st , 7 th and 13 th of October 2012. Mature fruit was considered fruit with deep red color. Fruits of each treatment were placed in paper bags to be transferred to the laboratory for analysis.
Fruit Weight
The fruits were weighed immediately after arrival at the laboratory on an OHAUS Scout Pro SP202 scale.
Sampling for Quality Tests
Six tomatoes, uniform in shape and maturity, from each treatment were collected of three harvests in October, for a total of 18 tomatoes per experimental unit.
Firmness
To determine the pulp firmness, penetration tests were carried on at room temperature using an Electronic Pressure Model TA-XT2i (Stable Micro Systems, YL, England) equipped with a cylindrical steel rode 4 mm diameter and a plate 80 mm in diameter for the compression test. For the device configuration, the following characteristics were used: test speed was 2 mm•sec −1 and the distance between lectures was 10 mm, the values were expressed in Newtons [16] [17].
Soluble Solids
The soluble solids content was measured using an ATC-1D refract meter (Atago Ltd., Tokyo, Japan) with a scale of 0 to 32˚ Brix at 28˚C. The procedure for this test was to place a few drops of fruit juice per treatment. To take the reading three drops per treatment were placed in the refract meter.
Titratable Acidity
The titratable acidity was analyzed using a pH meter Hanna HI 422 mark (Hanna Instruments Inc., Woonsocket, RI, USA) with a resolution of 0.1 mol•L −1 NaOH titration. Five samples per treatment were performed.
Statistical Analysis
The analysis was conducted using data from the two tomato varieties, Victoria 
Results and Discussion
Leaf Extension
Nitrogen treatments affected the growth of leaf in the Caballero variety. At 30 mM N leaf extension was optimal with 13.0 cm. The other treatments had similar leaf extension with 11.6, 12.3 and 11.0 cm for the control, 15 and 45 mM of N, respectively. It was found at 60 mM of N leaf growth was 8.4 cm, significantly less than the other treatments (Figure 1 ). The variety Victoria had similar results as in Caballero. The optimal dosage of 30 mM of N had the greatest leaf extension at 13.5 cm while the 0 and 15 mM dosages behaved very similar reaching a leaf extension of 11.5 and 11.6 cm respectively. The treatment that most affected leaf growth was the high and low toxic N dosages at 8.0 cm and 9.5 cm respectively. It was also observed that the excess of N fertilizer delayed for one week the maximum leaf growth compared to the other treatments which growth peaked at 44 DDP. The low toxic and high toxic treatments reduced leaf growth by 29.7% and 40.8% compared to the optimal dosage (Figure 2) .
Relative to the leaf size, some authors [18] found that Nitrogen doses of 200 kg•ha −1 in tomato field experiments increased leaf size by 50% when compared to the control with no nitrogen applied. The effect of toxic le- vels of nitrogen is less clear when plants are cultivated in the field. In the present experiment, the two varieties showed trends in leaf growth, with the variety Caballero being able to recover more easily from the low toxic nitrogen dosage at 45 mM, than the Victoria variety.
Nitrate Concentration in Leaves
In the variety Caballero, treatment 45 mM reached the highest nitrate accumulation in leaves at 37,381 ppm, followed by 30 mM at 26,679 ppm. The concentration of nitrate in the 15 mM treatment was 7564 ppm. The control and the high toxic dose (60 mM) reached the lowest values with no significantly differences between them. Treatment with 45 mM N reached the highest nitrate accumulation 20,430 ppm in Victoria, followed by 30 mM with 13,856 ppm. Concentration of nitrate in the 15 mM treatment was 10,324 ppm. The control and the high toxic N dosage behaved statistically alike in both varieties, but different in treatments 30 and 45 mM of N where Caballero had 48.5 and 45.9% more nitrates in leaves than Victoria (Figure 3) .
Other researchers have observed that the rate of accumulation of nitrate in lettuce leaves increased when the nitrogen concentration increased from 60 to 120 kg N ha −1 showing no toxic effect in the plant [19] . The nitrate content in leaves of orchids increased continuously with doses of 10, 20, 30, 40 and 50 mM of N but only the last treatment (50 mM N) presented an abnormal N-concentration in the leaves [20] . With excess nitrogen fertilization, especially at toxic levels, the most important detrimental effect occurs at the root, reducing the capacity to absorb nitrogen [21] . In the current experiment, the variety Caballero seems to have better tolerance to low N-toxicity stress compared to Victoria.
Nitrate Concentration in Stems
The low toxic Nitrogen treatment reached the highest values of N concentration in stems of Caballero with 53,241 ppm, followed by 30 and 15 mM of N with 25,530 and 6543 ppm respectively. Both the control and high toxic treatments were similar, 1032 and 1150 ppm of stem nitrate concentration. Victoria had the highest nitrate concentration in treatment 30 and 45 mM, getting statistically similar values. The larger difference between varieties was observed in treatment 45 mM where the variety Caballero had 62% higher Nitrate concentration in stems than Victoria (Figure 4) .
The results of the current study indicate that both the stem and the leaves of the tomato variety Caballero may act as a reservoir for excess nitrogen when applications override the optimum concentration needed for the plant. It was found that increasing nitrate levels in the culture medium can be stored in the stems and leaves of tomato without being easily transported to sites of growth or to the fruit [22] . However, high toxic levels of nitrogen may damage the root system, blocking nitrogen absorption and transport to stems and leaves [23] .
Nitrate Concentration in Fruits
Fruit in the variety Caballero reached the maximum concentration of nitrates in treatment 15 and 30 mM with 1250 and 1327 ppm. Contrary to the accumulation of nitrates in leaves and stems, the variety Victoria reached a higher concentration of nitrates in fruits than Caballero in most of the treatment. Victoria fruits in treatments 30, 45 and 60 mM N had 13.4%, 29.1% and 24.0% more nitrate than fruits from the Caballero variety ( Figure 5) .
They [18] reported that overdoses of nitrogen affected the growth of both leaves and stems but also decrease fruit quality if excessive nitrogen is distributed into the fruits. When comparing the varieties, Caballero appears to have a greater capacity than Victoria to store N in stems and leaves and less ability to transport it to the fruit.
Yield per Plant
The Caballero variety was not statistically different to the production of the Victoria variety except at the low toxic treatment where Caballero had a yield of 780 g per plant compared to that of 330 g per plant of Victoria variety (Figure 6) .
The effect of overdoses of nitrogen on the total production of cucumber (Cucumis sativus L.) was reduced compared to the optimal dose. At the dose of 10 g/m 2 the production was 1.81 kg•plant −1 , while at doses of 20 and 40 mg•m −2 production decreased to 1.65 and 1.23 kg•plant −1 respectively [24] . They [25] in a field experiment with sweet potato concluded that the best yield was achieved with a doses of 80 kg•ha 
Tomato Quality
In the current experiment was observed that tomato quality was affected by the different doses of nitrogen. The dose of 30 mM reached the highest yield as discussed above and also the highest fruit firmness in both varieties. Compared to the optimal treatment (30 mM), the high toxic level significantly reduced fruit firmness by 25.0% and 31.9% for the variety Caballero and Victoria respectively. Soluble solids and titratable acidity increased with increasing dose of nitrogen as shown in Table 2 . Similar results were observed by [10] who reported that the dosages of nitrogen fertilizer increased the soluble solids and acidity in tomato fruits. Other authors [13] concluded that the content of citric acid decrease in fruit of tomatoes grown in soils with nitrogen deficiency. According to [3] concentrations of soluble solids in fresh tomato had a moderate increase after a second application of N at the time of fruit formation. It was also found that with increasing nitrogen doses increased rates of photosynthesis and soluble solids [13] .
Concluding Remarks
There is a detrimental effect on plant growth and quality of tomato plants with both deficiencies and toxicities of Nitrogen which had a significant influence in decreasing growth, yield and fruit quality in Caballero and Victoria varieties. Caballero had a greater tolerance than Victoria at low toxic doses but no differences were observed at the high doses treatment. High toxicity produced by an excess of Nitrogen applications may have a more detrimental effect in tomato production than deficiencies.
